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The present:iii^eM faeJv«^ iftefli^ds and 

5 apparatus for controllably. reInoymg^. Qxidants m a /fiiel cell fuel sijj^ly 
stream. 

Gtmyditid^ irfectii^^ fcoBcv^rt; fiiel ^asslf S>xidiEint into 

electdbiai energy ancL a reaiction prodftctv A l^ieai la^^ 

Sandw^^ 12 Md arcaflbdte iM. 3S»ep©^^ 

allow pK)|tonSv hm^jcs^ the m^[a|?^^ l"^^ ^ passage of 
electrons. Typiccfliy, &e 
15; an electrically conductive, porp thaterial siich ias porous carbon, to which 
small particles of piatiBma a^ p&er j)r«iQiis are bonded; 

The anddS* 12 and cathode 13 aie dftm bonded directly to; the resfpeetiye 
adjacent surfac?^ 6f the m#ibrmie' J L TMs xjomfeiiiafiott^ its commdniy 
referred to as^the mcatibraiiei^iectroS^^^ 

20 

Sandvviching ih^ c^ic^ctrotdiQ^^ayj^^ 
fiim^i^ li5le^hli^l 
Bow field platfe^ 1^, 1 5 grfe ftnto^ jfcgxv ^pn electrically coridiKrti*e, ion- 
pordns material.^ whicfc diecrtrfcd 
25 anode electro^ 12 cm: cigtfJio^ electroite 1^; Miie sdoe ti3Bei^,1he^^f^ 

field plates must enable the delivery and/br exhap^-of ,fl^^ fiiel, oxidant 
aiod^r rei^otiim (arid/or otherv®^ gases npi tadongrpa^ 

teactibn) to or fi?0m the pcrous elect^^ Thi^ isv<jonventibnaUy eflFected 
by fluid flow pasisages ih a; surface of the fluid flow field pM^^ 

1 
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,suc& as gRKjyes chaimels, 1:S m the: sui^e. ^seplfed # Ste .^Mxnis 
electrodes^ 

Figure 2 slibws a plan view of a tjrpicd flii^^^ 16 airanged: as a 

5^ serpentihe structure 20 4a a iiace of 1he^^ 14 (or cathode) havong an iiolet 
manifold 21 and an outiiet ixianifeid?22. Many diiferent Gonfigi^^ of 

10 is^jibHvered mto ihe;S^enim6/cli9(an In the. 

ca&ode^a^ fieiii^i^^ d^iv^d iid*iE^ 

lihe^^ieaipca^ 

Prior to thie start up of a fuel cell 10 after first assembly^ commissioning, 
15 rqpairi^ jHxrtonged periods of inactivi^ or stand-by there can be? an 
dcx^^ fuel $oWWa^^ ciimdui^^ iq^ 

g&aesMy ^vwiyb/the^fi^ d#y«ty p0k gi^the fiw^v J&eie; is th^!^ a 
neecKto^smo^ 

20 iud orra hy<]tOgen lib^^^^ anodp 12 andmembi^e 11. 

IJiis removal of 03cygen prior to dbUyer^^ of )Siel is important to prevent 
imdesirableimoontrolied catalytic c 
anode 14 resulting in loc^ized heatrng 
^ the:$rotcarexchaiigemeni^^ 

In die prior art, it is (k)mmon practice to puirge the a^^ channels 16 anid 
pibjor p^ &el deUveiy cbhdm su^h 

p nttrogelii JK^ 

30 

2 
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This process necessitates a Ic^^ otrntrogen, ;ge^^^ a 

pressure cylinder, md.i^ rijplacqmen It is desirable io elinm 

tibis rc^quirement 2md siin^lify the operational aiid service needs of 

the; systein* This is ^§rticifl^^ iigporfm iwhefii tiie :jRiLel; ceU :is alrc^ady 
5 mstiilled; iii the field,, eg, as j)art; df a power ^sysiem^?&^ a wim^ 
accessibOil^ pf^sbpi^ g^^Md^j^^ tjhb Sidc^^ xxiay be 

litmted.. 

it is an object ofitiie present inveriticm^^ and^ 
10 appea^^ fiwr the rc^^ ti{ oxxsm^ the; fuel de^yeiy coladiiits of an 
electrjOchennc^IJ^^ 

;It is a laMiCT ojy ect of jflife jfpesi^ inyfe^^ I^P^vid^ an |ppa^^ by 
i^ifbM fbe; leniov^ of ox^gpn^ ;£roni Me fiiei cddUvez^ coniiiit^ of m 
15 elec^ibcfaj^^ 

A fbither problCTi^asisdc^^ 

dectrode.as$enpJ>!^ vyith o^ti^^ 6nly xmce; 

it has reached an ideal cfjecriing tenape^ and^ m ideal ^degree of 

20 hydration of the ine^^ Gbiivcmtioni^^ 

Ievel%not acW ipfihe fud cell; 

Itis aii^iai^ 

and/br oxidkQt;;gas:^bream to accjelemte hydration of the 

25 niem^^ £^or tb supcei^^ 

eli^jbx^de assem^ 

Ax^pordiQg:tQ^<^ 

an anodi^ a oafhode; and an^ion exchange m and 
30 having a fuel deliyeiy conduit for s^ fuel from a fuel source to an 

3 
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active surface area of the anode and&rtiieFcomp^ means for effecting a 
cpntrofled combu^ fuel and padaiit the fuel delivery 

con^duit 

5^ A:Gcording to a further aspect, flie gxesent inventipn provides a fuel cell 

a fuel cell imv&g; -an; .anodej a: ica&pde, and an ion exela^ge 

a; difiy^ Gpm^ 
Iq; a^ fluM flow fiya platen fia^^ pari th^ anode^ hayings ;a . 

fMdiflpw^chai^ e3ctending#^^^ 

a fuel Miverjr^ inlet ^ccHipled id one ^end X)f the fluid iiow 
chimael; and 

a fuel delivtary outlet coupled another end of the fluid flow 
15' chmnel; 

iBie fiielq^^ sysl^ fiir^ 

a,^fcdit2ufal^ ieiiVery^i^^ 
a^nuxH^ 

20^ Ac<^ tp a further; aspect^ the pfeisieEDX invSotitni Jrbvides a fiiel ctH 
system in(^^ 

a fud ^:ell haying an ^^anode^ a^ ;^cafliode^ and an ion exchaiigey 
taeinbrane theriebe^ 

afiiel deUverj^ &el tp^ the aiiode 

is cbinprisiz^ 

a:rea(^dm^ 

a iiiei supply Met f^ 

an b:xadjap; s^^ oxidNit Ip i^^^^ 

chanlber;;and 
30' iaiea^^^ 

it 
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the reaction eliambec being adapted soi fhlatrat least a part of the fuel 
supply delivered thereto to is reacted with the djddan^^^ 
preconditibn ^he the anode. 



5 Accc«cdiiig, to a; fvarflier; aspect, the present mwntioii prpyides a fuel cell 
system inclu 

a: fuel cell hayizig an ano4e^ a :<ca^pde^ aiid an ion. ^change 
m^bra^ 

m oxidimt deliVeijf condiiit for defive^g precpncK^^ 
10 the (^aflipde 

a reaction chainbe^ aiid'<ipim 
a fuel supply iiitet fer'd&ISfe^^ 

an Qxidaitt suj^ly Met;f^^^^^^^^^ P^P^t W Ihe leacti^n 

chamber, aiid 
15 ^reicti^^^ 

0ie ,ie2w?tiipn GhaBpfceaC: ^a^t^ ihii vat Jfeast ^ pjart; of the 
dxidaht sni]pply;iteH^ l^tb lhe ii^^^^ 

to pre<K)n<titibn the oM 

20 According to a further aspect, the presetiit invention provides a method of 

operating a fuel cell haying an anode, a cathode, and an ion exchange 

mdnbrane tiierebe^ of: 

s^lEpljqiig fiiel fiom a. fuel sfa^irc^ to aptiye :smdGa<^ ac^ of the 

ano<M)y way of* fud^dfi^^ 
Z$" eiil^G^^ of^fo^^a^ 

ffiej^feeldeKVeiy^^^ 



Accoiiding tp a;;firrliierna^^ toadtibii pfr0yid<^>^ :|riei& of 

dpeiatiiig a liiel cefl haviiig an anodei a. caflhipde,, aa<i m ipn exchange 
30 membi^e ffierebet^^ steps of: 

5^ 
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supplyihg fi^i: Soin ai &el soiutje to m ai?liye surface area of iflie 
^aiK)de% wj^ of a^liieiide^^ 

5 

Embbtfimm presmt i^^ will now be d^fecnbed by way bf 

exaxnpleyand'wi 

Figure 2c:m^^^ pf a>|l|iidJ^ tbe fiael dell' bf 

Kgui»^ 3 is4 sAemafflc diagram^^b m oxygen 

removal system according to the present invention; 

Figure 4 is a schematic diagram of a second arrangement of an 
oxygen removal system accordingito the presenfeibveiition; 
$5 M^B^ S is^ scheiG^^ dSagrem of ai precoiQctiti^ %stiBm for 

coidii6Uyii ^<x)mbus[iL^ of fuel and: ^Q3^i%rt: & fod^ <^y)e^ ixmduut. 
a^ocdzding;to^^:1}iep^ 

Fi|;ure 6 :is a^ scliei^ (0|^gFam 
for controlled ^ci^idbustipn of jiel and (mdant conduit. 
20 £UMX)rdixj 

One me&od of achieying o^Q^gen reniovd; fbom^ to 
utili2» the oj^^ a epntixjUe^ combu^^ 
to^liie &el cell. 

"Wifli^efereiKje^^^ a^&el GeUlOisjcoia^ 

30/31 and 03ddan Ilie fuef dehveiy con^ 30^ 

31 respg?^^ t06^We^^^ and ft^ 

aoode^ Jmd^ ffoFBe^ Me c^dantysii^^ $<€p$2dt 

30 32 pinpvideis a supply 6^^^ oxidant fo a^^ 

6 
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fieia plafe 15 ancJ ihe erfiaus^^^^^c^ -0 {Mroyides catfiet to Mliaust 

A fuelsiii>pily:(eg. c(>u|dediQra/S5^^ fed jx) a 

5 reactioii djam^ M t^YP^P Ipcp^^^^aH^^ 3i and ti&e; 

reaction ckdncilier. ITie^ recycle 36 mcQ^or^.a pmnp:3;7 
svdtchedmto 

The i^acrtion chaniber 35 ccmtaiaas a^mtiWe ca*^^ 
10 support, to enable the removal of pxidmts passing therefljrough, aecording 
to techDiqttes weU^^to^ in the ait; feesenfly preferred catalytic materials 
mclude prec^ such as .^bMit^ ndispec^ 

cicfn^ aiiimiina; 

15 In^ nMmai^ i&i^ sig^ . 

10 by way of syisitem inlet 34, preferably via a low regulMor or metering 
valve 39. IteVhydrpgOTifuelp^ MppmwMo^ 
fltod liow Sttd jplate 14 (jSjgure 1) where? it is at^lea^t^arttadfy 
Any uncprisum fiiel or inert diluent fluid in the fuel supply rnay be 

20 e:?diausted via a fuel system Quflet My when Ihe: tws> way yalyci 38- is 

When the mode ^ contaminated, or when it 

is:s^isp€^ switchi^d to a. 

25 r€^ir^?ulato fa;#s^aHifig^^ 
iswite^ 

necessai^y to 1^^ fltSd <?iui!C^ 3f is^s;p?ito 

M this maiinc^^ the miOHdje ibid stream^ k rediculated, passmg Ihrough 
reactibn chamber 35' where o»dtot Iite6i# are sifubbed #6in' iiie fluid 
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stream, jjir&SsrMy ^vieaction wiiii a controlled; blefed.6if hydtogra gais fioin 

In lMs}mBimer,cc^^ lij^dipg^ (MdSirttspefcies effedeci only 
5 #1 the reacticm 1?0; 

l^e lecj^^ iQpde of use w^y 'hp im^aieji accofiSikg tp: aiay dbsir^d 
:pFe:V:anuig ^^ese cbiidMcps^^ qM or more of the 

follows^ ig) ^ect«m #^px^^ 

10 inlfet md/m^oidlkiM meanis ofcmi i^pti^ap^seaasm^ ioecham^ 
%j4escii^ 2«rtc«^^ of the feel 

cell exceeding^ a predetennined elapsed time Ifareshbld; (iii) automatic 
detection of a period of use of the fuel cell exceeding a predetermined 
elapsed time threshold^ (iv) automatic detection of a service eojaditibn, ie. 

15 after detection of :fuei Sell tnai^teii^ cbnditipn; and (^): tnatjii^Rl 

^xiottui^^ ^ and^^mjia chani^ 3^ into vtJidck 

20 ihe%db>gen^^ cbnli^^ all of the 

uiiwai^^ bx5^OT :is plMrn TMs re^^^ may con&iue 

automaficaDy for a piedetOTnined pedod of^tim^ or tnay be contimied 
automatically until detection of reductibn of to 
• below a predetennined threshold. Altematiyely, the duration of the 
•25' ;recirculation;mQd(Bmay%^ 

Tlie metered supidyo^ 

Gbnibus^ oif ^ ^fii^ mjiOTia?^ ofilie readtipn 

chaii* amdJjhatM 

m 
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The presence of an oJddiant spede^ ccmdiate ahd m the 

anode conduits inay be detected Ify a^ . A lo:Wj near zero, 

open circuit voltage of the^^ft^^ stack id is often a good mdiea^^^ 
presentee of oj^geiron^tiie^aM Qiioe ibk (^^ 

5 ^ubstmtiifllyre 

and transfer to thevfiiel ceU afiode suriBce^ t^ <|li^y)Wi#g fi^^ 
yoitage #d%$<?aj^^ 

Thus, in. one jpresently prefen^dm prior to operation of the fuel 

m celi^ the (gpien circititvv^^ If ffiis opm ydltage is lower 

^than a predet^^ the £fy$ti^ 

mode of operation using a low flow hydrogen mpply should he initial^ 
pridr to entermg ncM^^ In a|fi^^ 

circ#;Volt^ 
15 the qpen dih^uit^^v^^^ 

In a for&e^ ihe ,ax3fg;en ' Ifev^el may Be detected % monitcwmg. 

the ten^eiature of fte ieactiojx chaial>eri pi; outlet &k^Q% using an 
apprppriiate qt '^em^tar. During the peric^^ is 

20 }«mg reacted with fiid^ in the reaction ;<aian^^ temperature of the 
reaction chamber, or of the gas flow exiting the^ reaction chamber, will 
continue to rise. Once the temperature xib ceasesi begins 0r slpWs 

below a predeterro^ it cm be detripme^ 

level has i^uced to belpw Bn J^^frcpia^ fbe iiel 

25 cell msty ^be^brou^^ 

Qnpe the oxygm has^ been, rfeaaioye<3^ the bydirog^ flow laies pan be 
merged tbvsucEj?^^ ni^m^ dehyety from 

file fuelcen andn^ 

30 

9 
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Wilfi: lefer^ice W Sjgire '4; ah, alteEftatife: meffiipd. of acMeyingr Qxyjgen 
combxisticm of %&Qg^^ WblcelL, 

5 fc, tiiis^ the reaetibn chaidbfer 35 is renioyed and iie recg^cle 

loop 36 deliyeisitiie gas stream to ainaJ^ 40 wBere^t is 

mixed with lie (^ntroJledslo^^^ 

m PtefeiiiBiy;^, -0 fiioiig: ;|oM '4Q cpmpises i ^^laixMg ^lanflier 41 
iiiK^^Gi^g, ^ pipiiijy .0fi iHMig; h^tsst Op o&a- sititaBle physical 
struCtotei HmttimLg^ ^:^m0jaaiat^ # iiel flvriii with lecirculation 
fluid prior to entry into the foel cell. In this manner, a veiy controlled, low 
teyel reaction can be effected at;tiie anode of the fuel cell in such a manner 

15; as toavoidnanysi^ 

lirb relite miiie: 

ofhydrog^ttdosiiD^.'^^^ to§gi!^;bd|i^ 
20 Giel ceil; Oceuisi; if|fen IS^g p2fe«?ts wifinn ranOde wil! he 

avoidisa and' gc^^ (ckjcw? avoid|iig ;da^ 

liiel Qel.: 

The, metered Iryidrog^m iq^cGmimse: axh)#»gen*rich gas, fiw 
25 a hydrogen aigiinert^^^ fluid mixture, ^^f^^ 
fnel:aild oxidant Tni-ging 

>Smiiiar to ffiereaibodiinq^^ of mgi3a» 3; autoi^Mlfe^<»ptEo^ t^ptais my fe. 
30 for^dw Ibiigs pnoir f9ib?lflng;to 

10 
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A further aspect of prevenlmg or liMti^^ damage to the membraiie- 
■elecfrbde assembly 

an optiinum temperature^^ffi Ekaing^ a st^^^ Gontrql 

5 6f^&1x^ aiip* to sireamccsp^also^a^^ 
proces«5 o£actte:!^g:a^ 

Willi reference npw to figiHie 'S-^m- ada|)ta]ti€ai of the prbi^s desJaffied iii 
e^Miifecti^ with> i|g^ 3 g^ I^ made io pte^condition JSie flow by 
10 introducing wafer or sleain ta or maintain humidity in flie fuel gas 

stream; A further b^eflBt^ o^ temp^ra^^ of the 

fuel stream can also be ;c^^ 

To achiisve tMa^^^^ delri/:er osddknt 

15; (eg; sfir^ into tifiie^action dxamljecji^^ 
hy<firage^ 

^ ;03d^!ant sig>|%^ 1^ lowthe 
prefisEred embp suppt/^^ 
20 ojadaiit used to supply the^ca^^ nainely ^^;oxi(^ snqi|>iy cdiiduit 32; 
The oxidant suj^ly Ime 50 is coupled thereto by a which may also 

ineoiporaiewa fl6w rfegipaatoi"^ shown separately). This system 
conBguration may be used wiiS -or wittout^^ M^ S^ (^6^ 

figiiifes ja^ 

25 

llhi^pro^on thfrc^^ oimS>er3$ 

resviis m i pip^^ p|liyi(ftog^^ ^^Gxy^pn m the 

re^apfion clitfmberi:.& ebiabfing^x^ntrdk^^^ mChunud^^^ 
df ^ fedt gas «dng;fed:to t& iud; <^^ fuel ^^ve^ midiait 

11 



WO03/06327S 



K:T/6B03/00169 



Met 30^(?tesuimdg, df flow legul^tpr 39 

provides excjbss iEa^l ip reqirire^ 

Tlie Bern of or ^^ cell 10 (and ite c^ntmued re- 

■5 circulation if iised^ in combiiiatidn with the recycle Ioor 36) allows the 
hydration state of the membrane to be controlled hence maintaiimig 
conduptivity bynse of 

Iliis ficility is partioi^^ nseial in iie ^rait^ opBs of qpm 

tOi Balhiode /desijgij^ yfiMai istee prone io meod^^ dehydK^^ whten not: 
opezated^ f^^f^ded peno 

Energy i^ liberated in:|b couree of the; reaction m reaction cham 35 and 
therefore ofiers ttie opportunity to deliver heat directiiy to the fuel cell or any 
15 other part of the associated system by means of heat exchange / tansfer 
m^^ This may be of particiJair use When staWm fuel cell firoidi 

cold where^^e r^^id e^ of t«tnp6ratuf^^^^ enisuTje a shorter thneio 

mti^ t^mpeia^^ 

20 in any c^ase i^^^^^ gas introdiictibn 

and /cf m a fecar^^ loqjJ jSiovidfes: tte additipnal flejdbiEily of 
controffing fti^el^^ streaccL 

With refer^ce io figure 6^ a further arrtogement is shown that allows for 
25 provision of himiiification arid pr^-tteatmg of both the fuel flow to the 
anode of the fuel cell 10, and separate; hmnidificat^^ and pre^heiling of 
oxidant flcwtblhe^^^^ 

in fliis aOTiigemen^ the fiifel system iiiifet'3^^^ is :^ti5)lei| tb: f^ a first 
30 reactiim cha^ 35 wiilm .th^ &d dfeliy«y ppnMt^ 
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fey m pxidairt si5)ply Tte^oMdMt 32 ihGorpcrates a 

sGccmd>reBCfi6xi dumber 60^ wbM is sigf^^ fuel sixpidy line 61. 

AppH>priate valves 62, 63 contrdl the: flow of oxiSant aiid fuel to respective 
fiist and sec<)nd 60, wMcfh yaiyes;^^^ 

5 flow xegidifprs for yarym^ Sow rate accoridkg to ia^ desiied B^ej^ee pif 

It wM be smdeistood of 1b*)th of ^fe fi^^^ and sefconid rejaction 

chambjers could be ii8ed>mdtependenfly of ^^^^ In iad<3itiox^, tbe system 
10 of figure 6 could also be^ used in ednjunction wittr ^ Wiyq^jsy loop as 
descrit^^ in c^^ 

The pifecondM m^pp^^ l^uxes; 

5 an^ 6: may be jnitii^ted aeepillxiig^ to: any desn^ pKwaffing- ^^^^ 

15 These. ponMicsnsi in^^Ui^e:^ iMy^ one ^ i^qre ^i>t iite #Ilowmg: 

autoitofic d61»diibn of a p^^^^^ of ucm^usp of the fuel cell exceeding a 
pijBiBtOTriiked^ (ii^^TOtcmiati^ of ^period of 

use of ffe liid^^ ^ptedet^^ elapsed i^ 

antcrinalic defeetipfe ser#e pondkioni, j& alter detecti^ of a^el fceil 

1? mmtfenfflQce; coiuJiiMij )[iv> iautcnnatic: detfec^ ^bf ^^^^ 

temperature or^l^^ the fu6i or fiiel cell, 

and (v) manual 

13^9<^ of pp<5ration may contbaue: asrii^^ 

25 prej^teraiined^ penbd of iltne^ mde^^^ or msy^ i^e^ continue^ 
automatical **^^<^<>P^ 

iiitbeiuai^^ Altemafive%tedj^^ 
preoondifiomagtiacfl^^^^n^ oohtroQedimi^ by ihe;user. 
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lirou^otrt'tKe: Erefeiait^iedfi Goavetdmct Ibe fael cell 10 has 

$efip described in t<B^ of didly a ^ag^ie aiipde, membiane and cafiiode. 
HowevCTi it wiii be; mdei^Stpod Jiat,. in aeeordance with conventional fuel 
ceU desdgn, multiplemembrane^^^^^ 
5 parallei in a^istackvin brderm increase the yoltage and/& ciramf supply, m 
accordance' therewith, the fud^ deliyeiy conduit tjipic^y incorporates a 
plurahty 6f afiode fluid flb^sf field pl^,; ant tite omdamt s^ly conduit 
incorpMates a plurality of eafliode fMd flow field plates. The 
prindpies of flie prcseSit: iny^mtiOT ^a^pply fsquaUy to Sucfc membrane^ 
10; '^i^(^d6vai^jggi^ 



iliiB mVeati<)n has been desraiTj^ed- with reference to a conventional MEA 
. c6n^ns% a polymer mem 
celL 

15 

Oaer^embodimait^^^^ 
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1. A fiiel cell; mcludaig an anpdej a cattidde, an<i an iim exfihange 
membrme; therebetwe^ and haviiig a' fiiel aelifpor bpja&it for sufiplyiog 
5 fiiel from a f^el sourpe to M active :su#eet.a^^ pf ^the anode a^-%flieic 
coiijpiisiii^ means for elfecting a<cG«itroi^^ 
-^tecies 

2> A fasi C6U -according- to claitn 1 in wM<A fhe iuel: delivery ebndiiit 
10 cen^ses ; a flmd^^ fl^ 6{ the-M<)% haying a fluid 

flow cliannel; extending the^ a fuel delivery inlet conpled to one 

rad of the fluid fowcEj^ 
pf1heiffiiid;flo5w<dtonn<3. 

;|5 3., A fyiapell according to^ 

controlled S»)mbtisiPii of fiiids afiji! p3d|^tiS|ira^-^ri^^ ^ Mi delivfejy 
cdn(diiitc^>m{)ii:i^ 

.are(#cuaaiiMicQnduit?«ctjadiQ^i^ 
a mijmig point mi>|^(Bfiiei^]^ niliit, and 
29 4 PM3;:vfl05if regulator^^.f^^^^^^ vaiyiag the qua;titi]ty of foel 

deKyeredLto themixM 

4. A fuel eeU according to claim 3 in wBifch the mijang;^^^^^ 

a reaction chamber f6r^act£ng fu6l f^j said fluid flow re^atot vra^fc 
25 ond^tspieta^ifrpm^^ 

5. A fiiel cell -acciading to; clann .4 .in. whiicib' the reaction chamber 
incluc^ jL::ca^iy;it^^^^ 
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6. A &el cefl aj^Qiifeig^^^^^^ ffie inibdmg polat eo 

a pre^imxing ch^^ 

'S: 7. A fuel cell according to any prajedmg clbim in which the 
recirculation condiut is switchably crainect^^^ fb& fuesl dfcliyeiy oufle* 
■way ol a'two.way viEdyfe 

$. A fast cell acGprffit^; lb: iigir jxreceaihg claiia further mctoaing 
16 defigctiioin ffiems fw dtJte^^ a lievaof ondaiit spp^ at. least 

?. 4 &d Will according to; claim 8 in whicb detection means 
compiises means for tes^g an opeii : circuit voltage- across the Mode Md 
)15 ^thodbibftheiftelc^^^^^ 

iO; A &el pU; ac^oicdmg tQf fMmB iamec hsM^ ct^^ for 
Switching the fcel; pefl: betweeh a:»6rai]al mjodej: operatic m which a 
relaively high flow, i^^^^ pf tiel is, dgiiy and pxidant is 

20 deUvMiE^to^flipica^ 

1h.<e :ie^ircu}ation 6 



it A Sfiiel cefliaccor^g to> blaiffi 3;;fiuther including: co^ for 
25 switching the &el cell between a normal mode 6f opCTitipii in which a 
relatively high flow rate of fuel is delivered to the anode and .oidd^; is 
deHvered to the caflidd^i aiid a recucdlatiiiSn Mode in wMt^ a ielatiyeljr Ipw 
flow rate of fuel is deKvered^intff ijetdieli^ %eai» vvi& oxidant, 

deliv^ed m flieicigdi^ 

30 
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12. A feel cell according to claim 2 in wtdck the means for effecting a 
controlled combustibn bf fuel and oxid&l sped^ the fiiel delivery 
conduit cbmpfises an oxidant supply conduit extending, from an oxidant 
sig?plyrto a^i^^ the fuglxi^^ 

5 

13. SJM cait tecof&gitt) dlierijqK 12^^^ an ^dant flow 
r^;iii^ cc#»Ifa|J^ immB ft«f qiumttty^^c^ dejfered to the 
mixing point . 

10 A feei eefl acooni^ IS^ib wiucii 

conpises a vave C(^^ |o acafliode ojcidant^ 

deliV€ary^(^ 

15; A fec4 cell dccc^^^ 
15 a leactiiott chdim%&. &r ^ntsijc&f^ fbid &m saM .fiKiict flj?^ leguiator with 
6:n(kQt sp^ frbm i^^d^)^ c^dbit, 

16; A fuel ceil acconliiag* to: cla|m 1§ % wMch the riiiEfetipn chamber 
includes^ catalyst 

20 

17. A feel cell ^cdrdingv to claim 1 furBife^^ 

a controlled combustion of feel and oxidmit spedie&^^^^ a cathode fluid 
deiiy^ coridinfc 

:a5 1«, A fuel cell ac^or5di^ clmiil 1^ in\yii^ 

condmii cdraprikes' af :icw fi)?ld Jlp Icra^ §m of cajhocfe^ 
haS^a^fluia flow 
(Knqded to x>neeirf of 
couptedto:m^ 

30 
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19; A-fiiel cell afefcoiaibf to Qiaim 18 mfwHigh said meaiis: for effeeting & 
cohttdllea QSmBusitioibi Mfiim a, cafliodie. coBdjiifeas a fiiel sigrply cppdmt 
exitendmg ffomafl^^fbeis^ 

5 20; A fuel cell according to claim 19 in which the mixing point comprises 
a reaction cliamW for reacting fuel ftom said iuBl st^liy conduit with 
03ddant'q)eai» iSt)^^^ 

2|i: A^tp^ceU<i(y5^n^^ 
10 a file! ftm havia|; an anocte, a ; caihodej and an ion exchange 

a;£iel idisHyei^ oondii^tc^^ 

a fltiid flo:w ^fibld plate forming, part of the anode, haying a 
fluid flow channel extending therethrough; 
1^- a : fcel d^lMfraj^ vcoupfed So onet eini c>f ;ihe^ flMd flow 

a Kiel ;.deiiv€acy outlet #upled; fluid flow 

channel; 
^efuiel ceU's/s^ 

20 a^«<aiculatidnve<^ jSjei deEveay outlet and 

a*nuxijiig|»oint 

22. A fad cell system according ;to claim 21 iMier inchiditig a fluid 
ibyw f?g^ilator;^^?ontrc^^ yaiying lie gyant^ of fu^ delivered to fliei 

25 mixiDg point 

23. A fuel cell system jaccording tp clsiin 21 ot. cl^ 22 m. wlicli fiie 
mixmg point comprises a: reaction chamihep^f^ reaotiu^^ &et i&om said ftaid 
flbw rejgulktbrv-«wth5^axito 

30 
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24: A feel dell system aceprdilig to: claim 21 car aaiiii 22 in whieh the 
naMng point cotiq)rises a pt&rvaixms chamber for jgrn^mg fiiel fit) 
fluid flow regiUatbr with o^adaSfc^geQii^iio^ 

5 25. A feel eeli systi^ b- wEfeii m 

coniftiit is m^.^iy mfif^ Iby way $)f a<tw0 



10 



25 



30 



28. i4 .M celi; system acdbr^iig; 16 clam 21 ibrtha including detection 
infeans ^ dfefeetihg a feyd of ojddant sfedes p^ at leastpart^of tie 
feel lieHv^ conduit 



27. A feel ceU acco^aing to claim 26 in; wfi|cli ithe detection mfeaas 
comprises means for testing, an #cuit yoll^e,, aci©ss file ftoode and 

15 cathode qfffi^fe^ ^U; 

28. A M m,sfj0m a^wHajpg tp c&jin 21 .MiercpM^ing control 
meaas for s^feMng ^e. Sitticet betwetai aaortftal ffibdevof^opttation in 
wMch :a relatiire^ Mgji flow rate of feel is deliyered to tfce anode and 

7^ oxidant is d^v^ to ^ ca&ode,^; a,iB(&julaJi(Hr mode in which a 
rtlatiyely low flow rate of feel is delivered to flie anode: together wifii 
ojddant deliverediyiar^e recirc^atibii c6n&iit 



29i A feel eeU system acebrdmg to eliiin fei|^. includii^ cc^l 
means for ST«at(%g tile fe^ m%memfi ntmiiai mi^0.q^ctmmm 
which a relatively flow lafe is ^Ufeafed ts) the -anode and. 

oadant k d6lnr^ to 'tg^' c^dde, and a njcirciife^ioti tnede in whi6h a 
tfelati^6ly low Bow -rate # fiid & delivered mtp ,feel deliveiy eonddt 
ipgeflieriwthoxiaa^^ 



.19 



*»»___<l30K«78fUUL> 



WO.:03/063278 



PCT/6BO3/00169 



30: A fed cefl system iiiBliif^ 

a ■fuel ;cdn Klviftg; im :^Qde^ a i.caiiQ<Jei atfd an ion excliange 

a iiel aiBlfveiy jaojaitoit for delivering prec^ to the anode 

5; cbzpijrisii^: 

a reaction chambCT for reacting fuel and oxidant; 
a &el s^jply inlet for delivering foel tp^ chamber, 
an Oxidant saig[^^ini|t m^^ ojadant ta the rSfictiQi 

ichimbef;a^^ 
^® a»a<^(Sift6to6w 

file ifeac^dii c%iB^ l?e^ least arpait of the jgiel 

'Si^ljr: d^liyel^: tergiip fe ii teacbd^:t«iffi the oxidant g^Hed.&eRstp to 
jttgcsoiiMionMei^el b^^d^K^ 

3i, M celi qfstem. ito ^aim 3tX fiirther including conlrol 

means fer «>ntirol^^ Vftyingiie^flQw rate of o^^ fi^el an<i 

oMaant;iii order to achieve a pred^ 
iueli stremMeUvered td^^ aac^; 

2P 32, v^v^l Gpll ^steati ace^KSSgfto jclip^ |0 |iirai<?r mpludang i^ttilrbl 
sneans?fbt^S<3iM^ ^ mmx^^<^^ ctf b<i!^ ctf%e fuel^ and 

?KSiaai^ in^^STdflf a<afigve;a pi^detaji^^ of Ae &el 

25 33. A iEud cell system mcitodiiig: 

a fed ceil liaviQg an anodci a cathode^, sand M- im ex^iange 
menibnme tfaerebetw:e^^ 

an oxidant deUveiy coadiiit fw diUyem^^pecoaditiDn^^ 
the cathiade cdD^rilsing:: 
2^ areac*ipndiainber^f<^'r^^ 

»ISpOCIft<VW___co06S27aA2JSj.. 



a. iiid supply Met;% 

m fxddaat Sig#y Met-ibr the reaction 

chamherjand 

a reaction chainber .outlet connected to the cathpd^; 
5 the reaction ehambfer Mngi ad^rted; Ihat ^at aeasfc a,pait of tibfi' 

oxidant siqji%del|^ is reaiclBd 

topiwon^tioiitie^^^ 

A feel <m #stem accordShg* to 61^ 33 .fitt^CT kcliiding contnil 
m meaiKfccontreiiBly vai5^ of; one tmbotii of thfe fuel and 

<nddairtin Qra# ctfinifegidigo^ of 1^ 

35. A fuel ceU system according Ji claiai 33; firther incittding ebiitt^l 
IS: nieansforcbnti^ai?lyVai^ 

iaxid^ itt ordeFto Qf^^erMipf lie^Ojdte 

4i!parat^ s^^ ;as ^ca^jed :her«8in: with rejference to the 

20 aoixsnqjany^gTiraVi^ 



an 



37. A method of operating a fuel ceU having an anode, a cathtyde, and 
ion exchange mCTobraite t^^ 0 

supplyinig fuel from a ibel. soui^ to M ^^^p aiea, &tM 

25 anode^l^ wsay of a fuelda^ ani; 

eiectihl a, ^jjni^^ bf im^iagipaaaa^ 

the &e] d^Hveiy con^i 



Ml 
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38. -Kie mefliwl of claim 37 foffca^-ifiGiuatog the step of ledrculating 
fluid withm the fiflid idbliyeiy mMt: to; a imixkg p0iiit l^trpaia of the 
ac^ve s^piee.eb^.o^ 

5 39. b| plahB 38 M 

oxi^ q^jBs attite^ 

40. The,mefliod of claim 38 m min M foriher mcMag fib step of 
ppntroUabiy vflQjmg the?q^ 

10 

41, T5m? mfeifead df lijy^^ to^^^Hil^fiftheriiichi^ the step 
of Sitemg a :M^ctpi^.Jsp^ #^t£;ui ft feast part, of tfafe fuel 
defiyep osnlliiii^ 

15 42u lie.m#oi«Maima^fi^ 

fueleell iietweeri a l^Mow 
rateoffufel^isdeliver^to^ 

and a reciicuMon mode m mcit ^ mmm[ tmr flow icat^ ^ 
delivered to the ai5de tijgeth« with xmm d^y^ ^ lie. i»cfecu]feted 

«hip^ pf s^i^g.^ 

mJe of&eMs deUvered to the anode and oxidant is deUvered to the cathode, 
^ ^ * *w?jrculatioii mode in which a relatively low flow rate of foel is 
delivered intb the fuel Mypy condu^ amm^m^^M 
the redjc^dafips 

#. AmefetAittf^aating a <^de, aadaa 

30 fea^chahge^nembraneflierfchetw^ 

22 
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sjqipljfing ifuel ofipm a fbel.s^ lan aetive siMaee; area of the 
ahOde by way of a fuel deKveiy c»iidm| aid 

T^ctmg fueLmid oHdant m^a chamberiqp«ie^ 
topreconditioiilhe &e^^^^^^ 

45. me tatam of clami 44 lurihsy MyiBg:^e (^potrQUkg the 

flow tate of one or ibofh df M m m oMdant in order to; acMevfe: a 
predetfemuiied degiee ^^^^^^ of &e ^ stfeain delivered to the 



46, lie meihod , of claim 44 fittther includiiig the step r^f controlling the 
How rate/ of one o£ both <)f ^e; fufel md 03ddant<^n order tp. a^eve a 
P»<jetetmineddi5gteB0f|^^ 

15 47. Amethbdofcjiaiting^^^^ 
ibnexchmgiinefi^ 

su^tying OMdant fom m <Mddttt.sow»:fe^^^ 
acathodfebywaydfaap 

raiting :fiiel and oadant p a reaction .chamber upstteam of the 
20 *odekprBeOfidi^^ 

48, The method of claim 47 further including lie step of cohtrblling flie 
flow rate of one 01 both: of the fuel and ojodafit mdes- to achieviJ a: 
predetermined #gi««.pf humidificat^^ stream deKvqb^ to 

25 thecathode. 



49. llie mefliod oMfflin 47 mplu#ig the st*^ 6t conteeHing,ae 
flow later df <pe. ^ iph jjjei land^^H^^ in ito achieve a 

Pi^^tim^f^: 6^ ^d^l«^Qm::(^ m ^Rsidaiit stream d^ivered to the 
'30 cafliQ^, 

.23- 
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